INTRODUCTION
Many factors influence the transmission dynamics of onchocerciasis. Ambient temperature is one of the most important of them, affecting as it does the parasite's development in the blackfly vector as well as the latter's survival. From previous laboratory experiments, we reported the development of Onchocerca volvulus larvae to the third stage in Simulium ochraceum Walker (the principal vector of onchocerciasis in Guatemala) under simulated day and night temperatures (Takaoka et al., 1981) . This occurred even when night temperature dropped below 16.9 C (the predicted development zero point), although larval development-time was extended. These results suggested that the speed of O. volvulus larval development in field population of S. ochraceum might vary with heat accumulation at differing altitudes.
The present study was thus undertaken to determine the probability of survival of S. ochraceum, and the development of O. volvulus larvae within it, at selected altitudes where ambient heat accumulation was being monitered. temperature of every two hours) exceeds To (the predicted developmental zero point for O. volvulus larvae in S. ochraceum). The predicted developmental zero point and the thermal constant used in this study are 16.9 C and 45 Day•C respectively according to our previous study (Takaoka et al., 1981) .
RESULTS
Heat accumulation at five locations of differing altitude Table 1 presents the temperature conditions at the five experimental stations. The temperature-fluctuation patterns together with the daily heat accumulations during four days in December are shown in Figure l .
The December-thermal pattern for Barretal was lacking due to a faulty thermograph. As was to be expected, the mean daily temperature decreased as altitudes rose, and temperatures fluctuated remarkably by day and night at all altitudes observed.
Actual heat accumulation during the November experiment is illustrated in Figure 2 . At Barretal and Guatemala data were insufficient for prediction of the time required for larvae to develop into the infective stage. Heat accumulation increased linearly at Escuintla and Maria Santisima, but irregularly in Guatemala City, due to the fact that the temperatures did not reach 16.9 C on the seventh, eighth and ninth days. Table 2 shows the predicted periods (in days) required for larval development to the infective stage, based on the mean daily heat accumulation. Predicted Figure  2 The heat accumulation during the course of the November experiment at four different altitudes. Table 1 Daily temperature (C) at five localities of differing altitude in Guatemala (1979) developmental periods varied considerably, with a tendency for prolongation as altitude rose.
Survival of the blackfly host Figure 3 illustrates the survival curves for batches of female S. ochraceum fed on a carrier of O. volvulus and maintained at five different altitudes. The data suggest the probability that survival decreases with loss of altitude. In both experiments, very small number of simuliids survived beyond the predicted day when third-stage larvae should have appeared in the head. At Escuintla, 1.1 % (1/90 blackflies in November) and 1.6% (1/62 blackflies in December) of the initial host population survived through the fifth day, while at Maria Santisima, 4.4% (4/90 blackflies in November) and 6.3% (4/64 blackflies in December) lived beyond the eighth and sixth day respectively. At RincOn, Barretal and Guatemala City, the only S. ochraceum to survive to the predicted day was one female (out of 90 experimented with at Barretal in November) which lived for 26 days.
Development of O. volvulus larvae in S. ochracrum
Figures 4 and 5 show the larval development of O. volvulus in S. ochraceum in relation to ambient heat accumulations at five differing altitudes. The mean daily heat accumulation obtained from the first four day's observation in November was used for Barretal instead of the actual one. Among 152 blackflies examined at Escuintla (350 m) no third-stage larvae were observed although two blackflies which died on the seventh day (in November) and sixth day (in December) yielded late second-stage larvae (Duke's stage K) . However, at Maria Santisima (650 m), where the mean temperature was 22.8 C in November and 24.2 C in December, Table  2 Daily heat accumulation and predicted period required for development of O.
volvulus larvae of the third stage in S. ochraceum larval development to the infective stage occurred on the eighth day (in November) and ninth day (in December), although it was somewhat asynchronous as evidenced by several stages within individual blackflies (Table 3) . On the other hand, no development beyond late first stage (H) was observed in simuliids held at Barretal (1,250 m) and Rincon (1,200 m) . Unfortunately, the single example that survived 26 days at Barretal did not harbour parasites. Similarly, larval development beyond stage F was not seen in Guatemala City (1,500 m), except in the case of one female which died on the 16th day in November, harbouring five late second-stage larvae (K and J) .
Length of gonotrophic cycle
At all selected locations, except in RincOn, fully-grown eggs were first found in Figure  3 The survival curves for S. ochraceum females which were fed on a carrier of yolmlus microfilariae and maintained at five different altitudes. Figure 4 The relationship between the development of 0. volvulus larvae in S. ochraceum and the ambient heat accumulation at four altitudes in November. (Numbers in the figure show days after ingestion of microfilariae). Figure 5 The relationship between the development of 0. volvulus larvae in S. ochraceum and the ambient heat accumulation at five altitudes in December.
(Numbers in the figure show days after ingestion of microfilariae). experimental hosts three days after ingestion of the blood-meal. Essentially, the length of gonotrophic cycle proved to be three days irrespective of altitude. The single exception was RincOn, where four days were required.
DISCUSSION
In the laboratory study (Takaoka et al., 1981) , it was shown that O. volvulus larval development in S. ochraceum occurred at diurnal/nocturnal temperatures where the latter were below 16.9 C (the predicted developmental zero point). In the present study, larval development in the vector species was investigated in relation to ambient heat accumulation at different altitudes (350-1,500 m) . Unfortunately, the results demonstrated significantly-reduced probabilities of hostsurvival in the field when compared with corresponding laboratory temperatures (Takaoka et al., 1981) . Increased mortality might well have been caused by high midday temperatures, since temperatures above 28 C are debilitating for S. ochraceum (Takaoka et al., 1981 and Monroy, 1979) . Under these circumstances, only a few blackflies survived to the day when larvae might have reached the infective stage. The completion of O. volvulus larval development in S. ochraceum was observed only at Maria Santisima (where mean temperatures were moderate, ranging from 21.8-26.5 C) with the developmental period being 8 or 9 days, nearly equal to that predicted by heat accumulation at this medium altitude. It is notable thatt the mean temperature range there coincides with that optimal for the vector's ability to transmit O. volvulus in the laboratory experiment (Takaoka et al., 1981) . On the other hand, at lower altitude (350 m) with high mean temperature (25.7-29.5 C) larvae reached only the late second stage even in females (which died on day 6 and 7) surviving beyond day 5 (i.e. the predicted day when larvae might be expected to develop to the infective stage at this altitude). This somewhat retarded development despite the sufficient heat accumulations might be associated with the initial cooling of females to 15-20 C during the transportation soon after the ingestion of blood meal. At higher altitude (1,200-1,500 m) no blackflies lived to the predicted critical day (15th-28th day) except one female at Barretal, and no development occurred beyond the late first stage in blackflies dying during the seventh through 13th day after ingestion of microfilariae. Therefore, it was not ascertained whether volvulus larvae could develop to the infective form in accordance with ambient heat accumulation in nature; although as shown in Figures 4 and 5 , larval development (though limited to the first stage) appeared to require less heat accumulation at higher altitudes. This suggested that the first-stage larval development could occur even at temperatures below 16.9 C. The partial development to the late second stage seen in one female dying on day 16 at Guatemala City (1,500 m) seems to indicate that the extended larval development to the infective stage would take place in low percentages even at higher altitudes where night temperature drops far below the developmental zero point (about 17 C). In such cases the developmental period would probably require more than two weeks as suggested in Table 2 . From the epidemiological point of view, it appears of great importance that the duration of extrinsic development of O. volvulus larvae in S. ochraceum varies considerably by altitudes (i.e. with temperature conditions) within endemic areas. As already reported by previous workers (Garms, 1975 , Collins, 1979 , and Garms and Ochoa, 1980) natural infection rates of S. ochraceum for third-stage larvae of O. volvulus in Guatemalan endemic zones were variable ranging from 0.09-3.2%. This would be probably explained partially by the different speeds of larval development in the vector simuliids and by the different longevities of the host insects within endemic areas. In this connection it should be also pointed out that the increased probability of simuliid's survival at higher altitudes may be to some extent reduced by the increased risk of exposure to natural hazards when the female oviposits and takes the subsequent blood-meals. This is because more frequent gonotrophic cycles might be repeated in the host blackfly before the larvae therein becomes infective at higher altitudes than at lower or medium ones, since the duration of one gonotrophic cycle is nearly the same-three-days even at higher altitude.
